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Abstract of JP11354837 

PROBLEM TO BE SOLVED: To provide a 
light emitting diode in which optical output 
can be enhanced easily. SOLUTION: The 
light emitting diode has an epitaxial layer 
formed on a substrate and a p-n junction is 
present in the epitaxial layer. Surface area of 
the substrate side surface or the epitaxial 
layer side surface closer to the p-n junction is 
larger than that of the other surface. The 
method for fabricating a light emitting diode 
having a p-n junction in the epitaxial layer 
comprises a step for laminating the epitaxial 
layer on the substrate, and a step performing 
dicing from the substrate side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A light emitting diode with which a direction of the surface of a side nearer to pn 
junction is characterized by surface area being larger than another surface in a light 
emitting diode which has an epitaxial layer on a substrate and has pn junction in this 
epitaxial layer among a substrate side surface and the surface by the side of an epitaxial 
layer. 

[Claim 2]The light emitting diode according to claim 1 characterized by area of another 
surface being 85% or less to area of the surface of a side nearer to pn junction among a 
substrate side surface and the surface by the side of an epitaxial layer. 
[Claim 3]The light emitting diode according to claim 1 or 2 with which a direction of an 
epitaxial layer side surface is characterized by surface area being larger than a substrate 
side surface. 

[Claim 4]The light emitting diode according to any one of claims 1 to 3, wherein said 
substrate is transparent to luminescence of a light emitting diode. 

[Claim 5]The light emitting diode according to any one of claims 1 to 4 which said substrate 
is a GaP substrate and is characterized by said epitaxial layer containing a GaAs 1 x P x 

(0.45< x<=1) layer. 

[Claim 6]A manufacturing method of a light emitting diode including a process which carries 
out dicing from the process [ of laminating an epitaxial layer on a substrate and laminating 
an epitaxial layer on a substrate in a method of manufacturing a light emitting diode which 
has pn junction in this epitaxial layer ], and substrate side. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to a light emitting diode and a manufacturing 

method for the same. 

[0002] 

[Description of the Prior Art]The light emitting diode ("LED") which makes a semiconducting 

crystal a component is broadly used as an element for a display now. 

The group lll-V semiconducter is used as almost all the materials also in it. 

Since a group lll-V semiconducter has a band gap equivalent to the wavelength of visible 

light and infrared light, he has been applied to the light emitting device. Also in it, GaAsP of 

demand is large as an object for LED, and improvement in a radiant power output has been 

required as the characteristic of LED. 

[0003]GaAs P (0.45< x<=1) explains as an example. A general structure of a GaAsP 
epitaxial wafer where a monocrystal substrate is GaP is shown in drawing 4 . The GaAs^ 
P graded composition layer to which the presentation was continuously changed to 1 .0-x0 

X X 

in order to ease the difference of the grating constant of a substrate, the gay layer of the 
same presentation and a substrate, and the top layer on a GaP single crystal board, It 
consists of structure which formed the GaAs 1 _ xQ P x0 fixed presentation layer and the GaAs^ 

^P « low carrier concentration fixed presentation layer which doped nitrogen one by one. 

xO xO 

The top layer of the epitaxial wafer turned into a luminous layer, had the fixed presentation 
xO (0.45<x0<=1) for obtaining the luminous wavelength of LED, and it has doped nitrogen, 
and the tellurium (Te) or sulfur (S) which is a n type dopant so that it may become 
predetermined carrier concentration, usually, red light (wavelength of 630 nm) — as 
business, it is x Q = about 0.65. If nitrogen (N) is doped in GaAsP, it will serve as an 

isoelectronic trap used as a luminescence center. An isoelectronic trap does not contribute 
to carrier concentration with inertness electrically. Luminous efficiency is raised to luminous 
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layer GaAs P with a transited [ indirectly ] type band gap about 10 times with doping 

nitrogen. Usually, in order to manufacture LED, thermal diffusion of the zinc (Zn) is carried 
out to the luminous layer surface, and pn junction is formed in it. 

[0004]The composition of a LED tip is shown in drawing 2 conventionally which used the 
epitaxial wafer. A p type layer is formed by diffusion in the top layer, isolation of the ohmic 
electrode is formed and carried out to the surface and GaP substrate side, and LED is 
manufactured. Since the band gap is larger than a GaAsP layer, the GaP substrate used as 
a substrate penetrates the light which emitted light. 3.5 and a GaP substrate are [ a 
refractive index / GaAs rt oe P ft ee 1 smaller [ 3.3 and the GaP substrate ] to red, for example. 

u.ob U.bo 

It turns out that the light which emitted light by pn junction spreads inside [ whole ] LED, 
and the light which emitted light inside LED more efficiently can be taken out from the GaP 
substrate side to the exterior of LED. Since high optical power is obtained substantially, it is 
put in practical use as LED of red visible light from yellow, and demand is large. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it will not be able to say that the 
efficiency of optical extraction is actually enough, but the optical power of LED will change 
greatly with LED tip shape. Although what is necessary is just to process LED tip shape into 
special shape, since there is a problem which becomes very high in an LED manufacturing 
cost, most special processings are not carried out. 

[0006]By improvement in the quality of an epitaxial wafer, and improvement in chip 
fabrication art, the optical power of LED improved by leaps and bounds. However, 
improvement in the optical power of LED by the quality of an epitaxial wafer is also 
becoming difficult gradually. With the rapid elongation of demand, the demand of the cost 
cut became increasingly strong. The optical power of LED is largely based on chip 
fabrication art. However, it becomes a serious demerit to increase also at one process and 
to become a cost hike. There is no complicated-ization of a process and it is necessary to 
be able to be simple and to be able to improve optical power certainly moreover. LED 
where whose this invention is simple and does not have a cost hike in LED which the light 
which emitted light can take out outside through the substrate side and which can improve 
optical power certainly, and a manufacturing method for the same are provided. 
[0007] 

[Means for Solving the Problem]Then, this invention persons are that pn junction carries out 
the nearer one the upper surface side, and area by the side of the upper surface of a LED 
tip makes shape of a LED tip wholeheartedly larger LED shape than area of the 
undersurface as a result of examination that this technical problem should be solved, More 
light was emitted from near the pn junction, and generated light reached a heightening [ it 
can find out that reflection in the LED tip side can take out light outside few more efficiently, 
and / optical power of LED ]-as a result title, and this invention light emitting diode. After 
LED whose area by the side of this upper surface is smaller than area by the side of the 
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undersurface laminated an epitaxial layer on a substrate, by carrying out dicing from the 
substrate side, it could be manufactured easily, found out S ****** and reached a 
manufacturing method of a light emitting diode of this invention. 

[0008]Namely, in a light emitting diode which a gist of this invention has an epitaxial layer 
on a substrate, and has pn junction in this epitaxial layer, A direction of the surface of a side 
nearer to pn junction among a substrate side surface and the surface by the side of an 
epitaxial layer, In a method of manufacturing a light emitting diode, wherein surface area is 
larger than another surface, and a light emitting diode which laminates an epitaxial layer on 
a substrate and has pn junction in this epitaxial layer, It consists in a manufacturing method 
of a light emitting diode including a process which carries out dicing from the process [ of 
laminating an epitaxial layer on a substrate ], and substrate side. 
[0009] 

[Embodiment of the InventionJHereafter, this invention is explained in detail. The structure 
of this invention light emitting diode is shown in drawing 1 . In this invention, the area of 
another direction is small from the field (LED of drawing 1 upper surface) of the side near 
the pn junction of the LED tip on a square pole so that clearly from drawing 1 . The area of 
the pn junction used as a light-emitting part becomes large to the maximum extent, and the 
area which emits light becomes large. It turns out that a radiant power output becomes 
high. 

[0010]The upper surface of LED, i.e., the interface of a refractive index, usually exists in 
parallel near the pn junction surface. It turns out that the half of the light which emitted light 
reflects light, and it mainly goes at right angles to the undersurface of LED, and spreads it 
also on the upper surface toward the direction of the undersurface of LED. Generally the 
optical power of LED has a rate of dependence of the drawing efficiency to the LED exterior 
higher than the luminous efficiency inside LED. LED of this invention enters as compared 
with the conventional LED expressed with drawing 2 by the incidence angle (angle which 
the normal of the LED side and incident light make) from the inside of a LED tip to the LED 
side with a smaller light which emitted light in the pn junction surface so that clearly from 
drawing 1 . For this reason, the increase of the transmissivity of the light in the LED side and 
the rate by which total internal reflection is carried out can be lessened. Since the light 
which penetrates the inside of LED receives optical absorption, if light is not taken out 
outside efficiently, the optical power of LED does not improve. In this invention, the optical 
power of LED can be raised by raising the drawing efficiency of the optical power from the 
side of LED. Since the light which emitted light inside spreads in the GaP substrate side 
efficiently, it turns out that it is not interrupted by a front electrode but the drawing efficiency 
of a higher light is obtained. 

[001 1]As for this invention LED, it is preferred that the area of another surface is 85% or 
less to the area of the surface of the side near pn junction. It is not less than 40% preferably 
not less than 30% from the processability of a chip, and the workability of a LED lamp 
assembly. Pn junction is usually from an epitaxial layer side surface. Since it exists in the 
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range of 3-20 micrometers and the thickness of the whole LED tip is about 200-350 
micrometers on the other hand, the surface of the side usually near pn junction is the 
surface by the side of an epitaxial layer, and another surface is the surface by the side of a 
substrate. These surfaces shall mean the surface which does not take existence of an 
electrode into consideration. 

[0012]ln the conventional LED of drawing 2 , on the surface of an epitaxial layer, since the 
pn junction surface is parallel, light spreads to the perpendicular direction most strongly. 
The direction of the conventional shape is stable and handling is convenient. However, the 
light which emitted light in the pn junction surface near the surface of an epitaxial layer is 
mainly reflected on the undersurface of LED. The undersurface of LED turns into an 
adhesion side by LED lamp processing, and cannot take out optical power besides LED 
efficiently. Since the incidence angle of the light from an inside to the side becomes large, 
the drawing efficiency of the light from the side of LED also worsens. 
[0013]As for said substrate, although the lamination of a light emitting diode, i.e., the 
material of a substrate or an epitaxial layer, a presentation, a thickness manufacturing 
method in particular, etc. are not limited, it is preferred for the further output improvement 
that it is transparent to luminescence of a light emitting diode. A substrate is a GaP 
substrate and, as for an epitaxial layer, it is preferred that a GaAs P (0.45< x<=1) layer is 

included. On a GaP substrate as shown in drawing 4 more specifically if needed. The 
GaAs P graded composition layer to which the presentation was continuously changed 

to 1.0-xO in order to ease the difference of the grating constant of a substrate, the GaP gay 
layer of the same presentation and a substrate, and the top layer, The lamination which 
formed the GaAs 1 xQ P x0 fixed presentation layer and the GaAs 1 _ xQ P x0 low carrier 

concentration fixed presentation layer which doped nitrogen one by one is preferred. The 
top layer of the epitaxial wafer turned into a luminous layer, had the fixed presentation xO 
(0.45<x0<=1) for obtaining the luminous wavelength of LED, and it has doped nitrogen, and 
the tellurium (Te) or sulfur (S) which is a n type dopant so that it may become 
predetermined carrier concentration, usually, red light (wavelength of 630 nm) - as 
business, it is x Q = about 0.65. If nitrogen (N) is doped in GaAsP, it will serve as an 

isoelectronic trap used as a luminescence center. 

[00 14] As a result of examining how to be cheap in cost and manufacture easily moreover in 
manufacture of the above-mentioned LED, the method of carrying out dicing from the rear 
face of an epitaxial wafer was found out. In the case of LED by a GaAsP epitaxial wafer, a 
n type epitaxial layer is grown up on a n type GaP substrate, the layer of P type is behind 
formed in an epitaxial layer by diffusion, and pn junction is obtained. Then, in order to 
remove p layer of an unnecessary rear face and to make an epitaxial wafer into suitable 
thickness, tens of micrometer backwrap usually removes a rear face. Rather than the upper 
surface of LED by the side of [ after forming an electrode in both sides ] an epitaxial layer, 
LED is produced so that the area of the undersurface of LED by the side of a substrate may 
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become small. 

[0015]1t turns out as drawing 3 that the tip side of a dicing edge cuts and carries out the 
sectional view of the cut end which carried out dicing irrespective of a half dice and a full 
dice, and ** becomes narrow. After cutting the pn junction surface side, as shown in 
drawing 2 , the pn junction surface product became small, and the fall of the radiant power 
output is produced. In order DASHISHINGU according to a surface electrode, the field 
which carried out half-mirror surface finish of the back rear face of a backwrap process, for 
example by etching is used. Since a front electrode is visible clearly from a rear face, the 
alignment of dicing from a rear face can check positions, such as a microscope or a CCD 
camera, directly from between electrodes on the back. If a rear surface electrode is doubled 
and patterned from the beginning using a double-sided doubling mask, an electrode pattern 
on the back can be seen and set. 

[0016]Although the light which mainly emitted light gave the above-mentioned explanation 
about the GaAsP epitaxial wafer which cannot be taken out from the rear face, this 
invention is the same also in the epitaxial wafer which the light which is not limited to this 
and emitted light can take out from a rear face. For example, it may be the double hetero 
type AIGaAs epitaxial wafer from which the substrate was removed. It is applicable to the 
epitaxial wafer which grew the GaP layer on the GaP substrate for green LED grown-up by 
the liquid-phase-epitaxial method, the epitaxial wafer which grew the Si-dope GaAs layer 
on the GaAs substrate for infrared LED, etc. 
[0017] 

[Example] Hereafter, although an example explains this invention still in detail, this invention 
is not limited by the following example unless the gist is exceeded. 

Using an example 1 hydride gaseous phase method, on a GaP substrate A 3-micrometer 
GaP gay layer, A 23-micrometer GaAs P graded composition layer (it decreases 

continuously to x= 1->0.65), The GaAs Q 35 P Q 65 fixed presentation 12-micrometer layer and 

20-micrometer GaAs Q 35 P Q 65 nitrogen dope fixed presentation layer was grown epitaxially 

one by one, and the epitaxial wafer with a luminous wavelength of 630 nm for red light 
diodes was manufactured by the lamination shown in drawing 4 . The sealed tube was 
carried out to the vacuum into the quartz ampul without coating these any epitaxial wafers 
by making ZnAs 2 into a diffusion source with Zn which is a P type impurity, and Zn was 

diffused by 4-micrometer Fukashi from the surface at the temperature of 760 degreeC. In 
order to wrap the substrate side, to carry out split-face processing and to take a damage, it 
etched with the etching reagent of aqua regia, and half-mirror surface finish of the rear face 
was carried out, and thickness was arranged with 280 micrometers. Then, electrode 
formation of the rear surface by vacuum deposition, etc. were performed. The surface 
vapor-deposited a disc electrode 120 micrometers in diameter at intervals of 350 
micrometers, and the rear face vapor-deposited a disc electrode 50 micrometers in 
diameter at intervals of 70 micrometers of four directions. If a double-sided doubling mask 
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is used here, it is possible to form a rear surface electrode in a position. According to the 
front electrode of a 350-micrometer interval, dicing let the inside of an epitaxial wafer pass 
from the etching surface between rear electrodes on the back, looked at and spotted the 
front electrode, and it left it 50 micrometers and it carried out the half dice. Furthermore, the 
etching reagent of the phosphoric acid system removed the damage of dicing. It stuck on 
the pressure sensitive adhesive sheet, braking was performed, and the LED tip of the 
square pilaster whose surfaces are 350 micrometers x 350 micrometers and whose rear 
faces are 300 micrometers x 300 micrometers, and 280 micrometers in height was 
completed. Optical power measurement was pasted up and measured without the 25-mA 
epoxy coat with silver paste to TO-18 header. The optical power of the whole LED tip was 
26 (arbitrary unit). 

[0018]The LED tip whose surfaces are 300 micrometers x 300 micrometers and whose rear 
faces are 350 micrometers x 350 micrometers, and 280 micrometers in height was 
completed completely like the example except having performed comparative example 1 
dicing from the side front. Subsequently, when optical power measurement was performed 
completely like the example, the optical power of the whole LED tip was 22 (arbitrary unit). 
[0019] 

[Effect of the lnvention]Although it is 18% of improvement in the example, in order to be this 
improvement in optical power, under the present circumstances, very advanced art is 
required only by upgrading of an epitaxial wafer, or improvement in chip fabrication art. 
According to this invention, LED with high optical power as an element for a display can be 
stably provided only by improvement of an easy LED structure. It is the same process as 
the former and is change of only easy tip structure technically, and optical power can be 
improved and great industrial profits are provided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

« 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The section explanatory view showing the composition of the light emitting 
diode of this invention 

[Drawing 2] The section explanatory view showing the composition of the conventional light 
emitting diode 

[Drawing 3] The explanatory view of the manufacturing method of the light emitting diode of 
this invention 

[Drawing 4] The section explanatory view showing the lamination of a GaAs P epitaxial 

i — X X 

wafer 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?alw_u=http%3A%2F%2Fwww4... 3/6/2008 



JP,1 1-354837,A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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